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(54) Numerical control device for a cam machining 

(57) A cam is machined by rotating a work (2) by a 
rotary axis (1) and by reciprocating an X axis mounted 
with a tool (3). The X axis is designed to stop at a stop 
position in the event of an emergency stop. At this stop 
position, the amount of retraction up to a position where 
the tool (3) does not interfere with the work (2) and any 
obstacles (5) is set. When an emergency stop signal is 
entered during a binary operation because of occur- 
rence of an abnormality, the movement for each period 
corresponding to the set amount of retraction is added 
to the movement for each period of the binary operation 
and the X axis is driven by the resultant movement. The 
binary operation is stopped when reaching the stop po- 
sition. The tool (3) is held at a position retracted by the 
set amount of retraction from the stop position. Thus, 
the tool (3) can be retracted to the predetermined posi- 
tion where it interfaces with neither a workpiece (2) nor 
an obstacle (5). 



FIG. 1 
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Description 

[0001] The present invention relates to a numerical 
control device and, in particular, a numerical control de- 
vice performing a high speed binary operation and a 
high speed cyclic machining. 

[0002] In a numerical control device : a movement 
command is interpolated or distributed to each axis 
movement command for each predetermined period 
based on an NC program describing the movement 
command by a straight line, a circular arc line or the like 
to thereby move each axis. However, in the case ol a 
high speed machining or the like, as a program analysis 
and an interpolation processing do not meet a machin- 
ing speed, a numerical control device provided with the 
functions of a high speed binary operation and a high 
speed cyclic operation (hereinafter collectively referred 
to as a binary operation) is employed, wherein the 
movement of each axis for each predetermined distri- 
bution period is stored and the stored movement for 
each distribution period is read out and outputted to 
each axis every distribution period, so that each axis is 
driven and controlled to machine a work. 
[0003] In this binary operation, it is possible to syn- 
chronize the complex motions of a plurality of axes with 
each other at high speeds because any distribution 
movement can be commanded to each of the plurality 
of axes. 

[0004] Also, in the case where a machine is suddenly 
caused to be stopped when an abnormality occurs, a 
numerical control device which performs a retracting 
motion for retracting a tool from a work to be machined 
is publicly known in a usual NC machining program. 
[0005] In the above mentioned binary operation func- 
tion, an acceleration/deceleration control is also per- 
formed based on the movement for each distribution pe- 
riod stored in a memory unit and, therefore, if a machin- 
ing is normally finished, there is no problem. However, 
in the case where a machine needs to be suddenly 
stopped because of occurrence of abnormalities or the 
like, unlike the normal machining, there is no accumu- 
lation for acceleration or deceleration and, therefore, the 
reset of the binary operation suddenly will stop the sup- 
ply of the distribution movement and produces an over 
error or an excess current to give a servo alarm. That 
is, if the supply of the distribution movement is stopped 
while a movable part of the machine is moving at high 
speeds, the movable part of the machine is going to stop 
but can not stop immediately because of inertia and the 
like. For this reason, the movement is fed back to in- 
crease errors in positioning and the increased errors will 
produce an excess current and give a servo alarm. If the 
servo alarm is given, a motion of retracting the tool can 
not be performed. Further, since the state of synchroni- 
zation can not be kept, the tool machining the work is 
held engaged with the work, which sometimes results 
in breaking the tool and the work. 
[0006] In a high speed cyclic machining, a function re- 



ferred to as a retraction in the high speed cyclic machin- 
ing is publicly known and used. This retraction motion 
is to retract a tool axis machining a work to a safe posi- 
tion by adding a retracting movement to a distribution 

5 movement when an abnormality occurs. However since 
the retracting movement is an incremental amount, a 
position (retraction position) where the retracting motion 
is finished is different depending on a position where the 
retracting motion (or retreat) is started. Therefore, this 

10 function of retraction has a drawback that the tool axis 
can not be retracted to a determined position of an ab- 
solute coordinate system. 

[0007] In order to retract the tool axis machining the 
work to the determined position of the absolute coordi- 
15 nate system during the binary operation, the following 
method can be thought: first, a movement is calculated 
from the distance between the position of the tool when 
an external signal or an alarm occurs and the absolute 
position where the tool is to be retracted, and then, the 
supply of distribution movement of the binary operation 
is stopped and the tool axis is retracted by the calculated 
movement, whereby the tool axis can be retracted to the 
determined position of the absolute coordinate system 
during the binary operation. However, in this case, the 
supply of the distribution movement of the binary oper- 
ation is stopped and hence the synchronous motion be- 
tween axes in the binary operation which has been kept 
can not be kept any more, which produces a possibility 
in some machines that the axes come into collision with 
each other. 

[0008] An embodiment of the present invention may 
provide a numerical control device enabling a retracting 
motion in a binary operation and capable of retracting a 
retracting axis of a tool or the like to a set position in an 
absolute coordinate system. 

[0009] In a first embodiment of the present invention, 
a numerical control device controls movement of each 
axis of a machine synchronously with each other to re- 
peatedly control a cyclic motion by storing a movement 
of each axis of the machine for each predetermined pe- 
riod in a memory unit and by supplying the movement 
stored in the memory unit to each axis every predeter- 
mined period from a numerical control section. And the 
numerical control device comprises a retracting unit 
which gives an amount of retraction to an axis specified 
as a retracting axis, from among the axes synchronously 
controlled so that the retraction is added to a synchro- 
nous control of the retracting axis and stops the supply 
of the movement stored in the memory unit, in the event 
of an emergency stop due to occurrence of an external 
signal or an alarm. The retracting unit stops the supply 
of the movement at the predetermined point of the cyclic 
motion. 

[0010] Preferably, the amount of retraction is previ- 
ously set in the retracting unit. 
[0011] In a second embodiment of the present inven- 
tion, a numerical control device controls movement of 
each axis of a machine synchronously with each other 
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to repeatedly control a cyclic motion by storing a move- 
ment of each axis of the machine for each predeter- 
mined period in a memory unit and by supplying the 
movement stored in the memory unit to each axis every 
predetermined period from a numerical control section. 
And the numerical control device comprises a retracting 
unit which determines a motion region of a cyclic motion 
at the time of occurrence of an external signal or an 
alarm, moves an axis which is specified as a retracting 
axis from among the axes synchronously controlled in 
a specified direction by a set amount of retraction and 
stops the supply of the movement stored in the memory 
unit, in the event of an emergency stop due to occur- 
rence of an external signal or an alarm. The retracting 
unit stops the supply of the movement at a predeter- 
mined point of the cyclic motion corresponding to the 
determined motion region. 

[0012] Preferably, the retracting unit is set for each 
motion region. 

[0013] Preferably, the retracting unit adds the amount 
of retraction to the movement for the cyclic motion of the 
retracting axis extending over a predetermined number 
of periods, in the event of an emergency stop due to 
occurrence of an external signal or an alarm. 
[0014] Preferably, the point where the retracting unit 
stops the supply of the movement is determined based 
on the rotational position of another axesynchronously 
controlled together with the retracting axis. 
[0015] According to an embodiment, in the event of 
an emergency stop due to occurrence of an abnormality 
during a binary operation performing a cyclic motion, a 
retracting axis can be retracted to a predetermined po- 
sition in an absolute coordinate system and hence the 
retracting axis can be retracted to a set position where 
a tool or the like mounted on the retracting axis does not 
interfere with a work and any obstacles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The foregoing and other features of the 
present invention will become apparent from the follow- 
ing description of preferred embodiments of the inven- 
tion with reference to the accompanying drawings, in 
which: 

FIG. 1 is a conceptional view of a retracting motion 
during the binary operation in accordance with the 
present inventbn; 

FIG. 2 is an illustration of one motion cyde of the 
binary operation shown in FIG. 1 ; 
FIG. 3 is an illustration of the retracting motion in 
the present invention during a binary operation; 
FIG. 4 is an illustration of the retracting motion in 
the present invention during a binary operation; 
FIG. 5 is a block diagram of the essential portion of 
the numerical control device of one preferred em- 
bodiment in accordance with invention; 
FIG. 6 is a process flow chart of a retracting motion 



in the preferred embodiment; and 
FIG. 7 is a process flow chart of a retracting motion 
in the second preferred embodiment in accordance 
with the present inventbn. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] FIG. 1 is a conceptional view of a retracting 
motion performed by a machine controlled by a numer- 
ical control device in accordance with the present inven- 
tion. This figure shows an example in which a machine 
grinds an ellipsoidal cam by synchronizing the recipro- 
cating motion of an X axis mounted with a tool (grinding 
wheel) 3 with the rotating motion of a rotary axis (C-axis) 
1 mounted with a workpiece 2 by a binary operation. The 
movement of the rotary axis 1 rotating the workpiece 2 
and the movement of the X axis for reciprocating the tool 
3 are stored as the movements for each predetermined 
period in a memory unit and the movements are read 
out from the memory unit every predetermined period 
and are outputted to the driving units of the rotary axis 
1 and the X axis to synchronize the rotary axis 1 with 
the X axis to grind the cam. 

[0018] In FIG. 1, reference characters A, B, C, and D 
designate positions where the direction of motion of the 
X axis is changed from plus direction to minus direction 
or from minus direction to plus direction. The rotary axis 
(C-axis) 1 rotates counterclockwise and, at position A, 
the direction of motion of the X axis is changed from plus 
direction to minus direction. The X axis moves in minus 
direction from position A in synchronization with the ro- 
tary axis 1 rotating counterclockwise and grinds the 
longer side of the ellipsoidal work (cam) 2. When the X 
axis arrives at position B, the moving speed of the X axis 
becomes zero and then the x-axestarts to move in plus 
direction of the X-axis. 

[001 9] The rotary axis 1 rotates counterclockwise and 
the X axis moves in plus direction in synchronization 
with the rotary axis 1 to grind the cam and, when the X 
axis reaches position C, the moving speed of the X axis 
becomes zero and then the direction of motion of the X 
axis is changed to minus direction. Further, when the X 
axis reaches position D, the moving speed of the X axis 
becomes zero and the direction of motion of the X axis 
is changed to plus direction. Still further, when the X axis 
moves in synchronization with the rotary axis and reach- 
es position A, the moving speed of the X axis becomes 
zero and the moving direction of the X axis is changed 
to minus direction, as described above. Then, the tool 
cuts in minus direction of the X-axis by a predetermined 
amount of depth and the above explained motion from 
position A to position D is repeated to grind the work- 
piece 2 into the ellipsoidal cam. 
[0020] In such a binary operation, when an abnormal- 
ity occurs, a retracting axis is the X axis and a retracting 
direction is plus direction of the X-axis where the X axis 
goes away from the workpiece 2. In the prior art, when 



10 



15 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP 1 058 171 A2 



6 



an abnormality occurs, the X axis is caused to be re- 
tracted by a predetermined amount of retraction, or 
caused to be moved in plus direction of the X-axis by a 
set amount of retraction. If the set amount of retraction 
4 is small, as shown in FIG. 1 , when an abnormality oc- 5 
curs at position B, C, or D, the amount of retraction 4 is 
not sufficient and hence the tool 3 may come into colli- 
sion with the workpiece 2. 

[0021] To avoid this collision between the tool 3 and 
the workpiece 2, it is recommended that the amount of 
retraction 4 be set so as to prevent the tool 3 from com- 
ing into collision with the workpiece 2 at all positions for 
a grinding cycle. However, as shown in FIG. 1, in the 
case where an obstacle 5 such as the olher part of the 
machine or a peripheral unit is arranged in the direction 
of retraction of the X axis, the tool 3 mounted on the 
retracting axis comes into collision with the obstacle 5 
when the retracting axis is retracted. For example, in 
FIG. 1 , if the amount of retraction 4 up to the obstacle 5 
is set on the basis of position C or position D, when an 
abnormality occurs near position A and a retracting mo- 
tion starts, the X axis may come into collision with the 
obstacle 5 because the amount of retraction 4 is large. 
[0022] For this reason, the present invention performs 
a retracting motion which does not produce an interfer- 
ence such as a collision of the tool 3 mounted on the 
retracting axis with the other part and with the workpiece 
2 during the retracting motion. In the first preferred em- 
bodiment in accordance with the present invention, as 
shown in FIG. 1 , the position to which the tool mounted 
on the retracting axis (X axis) is retracted during a re- 
tracting motion is set at a set position in an absolute co- 
ordinate system where the tool does not come into col- 
lision with the obstacle 5 and the workpiece 2. 
[0023] FIG. 2 is a graph showing one cycle of the mo- 
tion of the X axis in a grinding motion shown in FIG. 1 
and a vertical axeshows a speed, that is, the movement 
of each predetermined period stored in a memory unit 
and a horizontal axeshows a time. Positions A, B, C, 
and D in FIG. 1 correspond to positions A, B, C, and D 
of the time axeshown in FIG. 2. The X axis moves in 
minus direction between positions A and B, in plus di- 
rection between positions B and C, in minus direction 
between positions C and D, and in plus direction be- 
tween positions D and A, and a speed pattern between 
the positions is shown in FIG. 2 and a grinding motion 
is shown in FIG. 1 . The motion from A to D is one cycle 
of the motion of the X axis and the X axis repeats this 
cycle while cutting the workpiece in minus direction of 
X-axis by a set depth of cut. 

[0024] FIG. 3 shows a motion including the retracting 
motion of the X axis when an abnormality occurs or an 
emergency stop command is inputted as an external 
signal between positions D and A during such a grinding 
motion. 

[0025] When the emergency stop command is input- 
ted because of occurrence of an abnormality the set 
amount of retraction is added to the movement of the X 



axis which is a retracting axis for each predetermined 
period and the resultant movement is outputted to drive 
the X axis. In the first preferred embodiment, as shown 
in FIG. 1 , the binary operation is stopped at position A 
where the tool is at the farthest position from the rotary 
axis of the workpiece, and the distance between the po- 
sition A and a position just before the position where the 
tool collides with the obstacle 5 is set as the amount of 
retraction 4 and a retracting speed is also set in ad- 
vance. 

[0026] As shown in FIG. 3, when an abnormality oc- 
curs between positions D and A, a movement for each 
period identical to the period in the binary operation is 
determined by the amount of retraction and the retract- 
ing speed which are set at the position when the abnor- 
mality occurs, and the determined movement is added 
to the movement for each predetermined period in the 
binary operation of the X axis and is outputted to the 
axis control circuit of a servomotor for controlling the X 
axis. As a result, as shown in FIG. 3, the speed of the 
X axis becomes the sum of the normal speed of the bi- 
nary operation and the speed of the retracting motion 
(the speed in the direction in which the tool 3 goes away 
from the workpiece 2), whereby the tool 3 goes away 
from the workpiece 2. When the output of a movement 
command by the binary operation reaches position A, 
the supply of the amount of movement by the binary op- 
eration is stopped in the following period. If the move- 
ment set by the retracting motion is not completed at 
this time, as shown in FIG. 3, only the retracting motion 
is performed, with the result that the tool is moved to 
and stopped at the position set in the absolute coordi- 
nate system, as shown in FIG. 1. 
[0027] At position A, the direction of the X axis is 
changed and the speed of the Xaxis is zero. According- 
ly, even if the supply of the movement in the binary op- 
eration is stopped at position A, positional error does not 
become too large and hence a servo alarm due to a 
large error and an excess current is not issued and a 
servo system can be normally operated. Therefore, it is 
possible to keep performing the retracting motion and 
to move the X axis of the retracting axis to the set ab- 
solute position. 

[0028] FIG. 4 is an illustration describing the motion 
when an abnormality occurs between positions C and D. 
[0029] When an emergency stop signal is inputted be- 
cause of occurrence of an emergency, as described 
above, the movement for each period for the retracting 
motion is added to the movement for each predeter- 
mined period in the binary operation in accordance with 
the set amount of retraction 4 and the set retracting 
speed, and the resultant movement is outputted. As 
shown in FIG. 4, the speed of the X axis (tool) in minus 
direction of the X-axis decreases (since the moving di- 
rection of the X axis in the binary operation is in minus 
direction while the direction of retraction is in plus direc- 
tion, when the amounts of the movements of the two 
commands are added, the speed in minus direction de- 
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creases because the absolute value of the speed in the 
binary operation is usually larger than the absolute value 
of the speed in the retracting motion). For this reason, 
a gap is produced between the tool 3 and the workpiece 

2 and is increased as time elapses. 

[0030] When the addition of the amount of retraction 
in the retracting motion is finished, only the movement 
for the binary operation is supplied in the following pe- 
riods and hence the X axis moves according to a usual 
moving pattern, as shown in FIG. 4. When the supply of 
the movement up to position A is finished, the supply of 
the movement is stopped in the following periods, 
whereby the X axis is stopped at the set absolute posi- 
tion as shown in FIG. 1 . 

[0031] As described above, when an emergency stop 
signal is entered because of occurrence of an abnor- 
mality or the like, the movement of retraction is added 
to the movement in the normal binary operation and the 
resultant movement is supplied to the driving circuit for 
the retracting axis and the supply of the movement in 
the binary operation is stopped at the position where the 
supply of the movement in the binary operation up to 
position A is completed, which results in moving the X 
axis which is a retracting axis by the set amount of re- 
traction from position A and stopping it at that position. 
This retracting position is a position set in the absolute 
coordinate system irrespective of the position where an 
emergency signal due to occurrence of an abnormality 
or the like is entered. 

[0032] If the tool 3 normally grinds the workpiece 2, a 
contact point of the tool 3 with the workpiece 2, that is, 
a grinding point, moves in the direction of the X-axis in 
a pattern shown in FIG. 2. When the emergency stop 
signal is entered and the retracting motion starts, the 
amount of retraction is added to the movement in the 
normal binary operation in the direction in which the tool 

3 goes away from the workpiece 2 and, therefore, the 
tool 3 is driven up to position A with a gap between the 
tool 3 and the workpiece 2 (this gap increases until the 
retracting motion is completed) in synchronization with 
the workpiece 2 and the binary operation is stopped at 
position A. For this reason, the tool 3 does not interfere 
with the workpiece 2. Also, the retracting position of the 
X axis to be retracted by the retracting motion is previ- 
ously determined so that it does not interfere with the 
other. 

[0033] In the example described above, the move- 
ment of the retracting motion for each predetermined 
period in the binary operation is determined by the 
amount of retraction and the speed of retraction which 
are previously set for the retracting motion (further, a 
acceleration or deceleration control is performed) and 
is added to the movement in the binary operation. How- 
ever, in this retracting motion, as is the case with the 
binary operation, the period of the binary operation and 
the movement for each predetermined period may be 
stored extending over two or more periods in a memory 
unit so that the movement of the predetermined period 



stored in the memory unit is read out and added to the 
movement in the binary operation and the resultant 
movement is outputted. 

[0034] FIG. 5 is a block diagram of the essential por- 
s tion of a numerical control device according to the 
present preferred embodiment. 
[0035] A processor 11 is a processor generally con- 
trolling a numerical control device 10 and reads out a 
system program stored in a ROM 12 via a bus 21 and 
10 generally controls the numerical control device 10 ac- 
cording to the system program. RAM 13 is temporally 
stored with a calculation data, a display data, and the 
like. A CMOS memory 14 is backed up by a battery not 
shown and is constituted as a non volatile memory 
15 which keeps the state of memory, even if the power 
source of the numerical control device 10 is turned off, 
and stores a machining program. 
[0036] An interface 1 5 is an interface to which an ex- 
ternal unit 82 such as a paper tape puncher, a floppy 
20 disk driver, or the like is connected. A machining pro- 
gram is read from the external unit 82 and is stored in 
the CMOS memory 14. Also, a machining program as- 
sembled in the numerical control device 10 and stored 
in the CMOS memory 14 can be outputted to the exter- 
25 nal unit 82. 

[0037] A PC (programmable controller) 16 controls a 
machine tool according to a sequence program stored 
in the numerical control device 1 0. More specifically, the 
sequence program converts a function instructed by the 
30 machining program to a signal necessary for the ma- 
chine tool and outputs it to the machine tool through an 
I/O unit 17. This output signal operates various kinds of 
actuators of the machine tool. Also, the PC 16 receives 
signals of the limit switch of the machine tool and various 
35 kinds of switches on the operation control panel of the 
machine tool and performs necessary processings and 
passes them to the processor 1 1 . 
[0038] The present position of axes, alarms, parame- 
ters and image signals such as image data are sent to 
40 a display unit constituted by a CRT or a liquid display 
attached to the MDI (manual data input) unit 80 and are 
displayed on the display screen of the display unit. An 
interface 18 receives a data from a keyboard attached 
to the MDI unit 80 and passes it to the processor 11 . An 
45 interface 19 is connected to an operation control panel 
81 and passes a signal entered from the operation con- 
trol panel 81 to the processor 11. 
[0039] Each of axis control circuits 30 to 32 receives 
a movement command for each axis from the processor 
50 11 and outputs the movement command for each axis 
to each of servo amplifiers 40 to 42. Each of the servo 
amplifiers 40 to 42 receives the movement command 
and drives each of servomotors 50 to 52 for each axis. 
Each of position speed detectors 60 to 62 such as a 
55 pulse recorder or the like is mounted on each of the ser- 
vomotors 50 to 52 for each of X, Y, and Z axes and a 
feedback signal from the position speed detector is fed 
back to each of the axis control circuits 30 to 32. Each 
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servo controlling CPU built in each of the axis control 
circuits 30 to 32 performs a position loop processing, a 
speed loop processing, and a current loop processing 
based on these fed-back signals and the above men- 
tioned movement command and determines a current 
command for a final drive control for each axis to control 
the position and speed of each of the servomotors 50 to 
52 for each axis. 

[0040] A spindle control circuit 70 receives a spindle 
rotation command and outputs a spindle speed signal 
to a spindle amplifier 71. The spindle amplifier 71 re- 
ceives the spindle speed signal and rotates a spindle 
motor 72 at a commanded rotational speed. Also, in a 
C-axis control mode, a position control is performed 
based on a signal from a position coder 73 fed back via 
an interface 20. 

[0041] The constitution of the above mentioned nu- 
merical control device is not different from that of a con- 
ventional numerical control device. In connection with 
the present invention, the data for the binary operation 
is previously stored in the CMOS memory 14. More spe- 
cifically, movements of individual axes to be synchro- 
nized with each other for each predetermined period is 
stored in the CMOS memory 1 4 in the case where a high 
speed repeated operation is performed under synchro- 
nization in the same way as in the case of the conven- 
tional numerical control device performing the binary op- 
eration. The numerical control device according to the 
present invention is different from the conventional nu- 
merical control device in that an emergency stop motion 
processing program for performing a retracting motion 
when an abnormality occurs or an emergency stop sig- 
nal is entered from an external signal is stored in the 
CMOS memory 14. 

[0042] Set in the numerical control device 10 in ad- 
vance are a position where a binary operation is to be 
stopped when an abnormality occurs or an emergency 
stop signal is entered from as external signal during the 
binary operation (in terms of number of periods from the 
initial period of one cycle of the binary operation; posi- 
tion A in the examples shown in FIG. 1 and FIG. 2), to- 
gether with a retracting movement and a retracting 
speed. In this connection, in the case where the move- 
ment of the retracting motion is also stored as the move- 
ment for the same period as the period of the binary op- 
eration as the case of the data of the binary operation, 
as described above, the movement of each retracting 
axis for each period is set and stored. 
[0043] An embodiment of grinding a cam shown in 
FIG. 1 will be described below. In this embodiment, a 
workpiece 2 is mounted on a main spindle driven by a 
spindle motor 72 and a cam is ground under a C-axis 
control mode for performing a position control on the ba- 
sis of a feedback signal from a position coder 73. 
[0044] FIG. 6 is a flowchart of an emergency stop mo- 
tion processing performed by a processor 11 when an 
abnormality occurs during the binary operation or an 
emergency stop signal is entered from an operation con- 



trol panel 81 or the like. 

[0045] When an emergency stop signal is entered, 
processing of adding a retracting movement is started, 
more specifically, the processor 11 determines the re- 

^ tracting movement for the period in which the movement 
in the binary operation is to be outputted from the set 
amount of retraction and the set speed of the retracting 
axis (in the case where the retracting movement for 
each period is stored, the processor 11 reads out the 

io retracting movement for each period and then deter- 
mines the retracting movement) and adds the deter- 
mined retracting movement to the movement of retract- 
ing axis for each period in the binary operation, thereby 
outputting the movement for each period to each of axis 

is control circuits 30 to 32. In the example shown in FIG. 
1, since the X axis is a retracting axis, the calculated 
movement for each period for the retracting motion is 
added to the movement in the binary operation for each 
period for the X axis and the resultant movement is out- 

20 putted to the axis control circuit 30 for the X axis. As a 
result, as shown in FIG. 3 and FIG. 4, the servomotor 
50 for the X axis rotates by the movement equal to the 
sum of the movement of the retracting motion and the 
movement in the binary operation (step 100). 

25 [0046] Next, the processor 11 judges whether the X 
axis reaches a set stop position or not, that is, judges 
whether the distribution processing of a movement is 
performed set number of periods or not (step 101). In 
the example shown in FIG. 1, the processor 11 judges 

30 whether a movement up to position A is outputted or not 
and the processor 11 may determine by using the 
number of periods passed from the beginning in one op- 
eration cycle. In the example shown in FIG. 1 , it is con- 
venient to determine the set stop position (position A) 

35 from the rotational position of the rotary axis (C-axis of 
the workpiece 2). 

[0047] If the X axis does not reach the set stop posi- 
tion (position A), the processor 11 continues the binary 
operation (step 102) and a processing of adding the re- 

40 tracting movement for the retracting axis. Then, when 
the movement in the binary operation up to the set stop 
position is outputted, that is, when the movement up to 
position A is outputted in one operation cycle, the supply 
of a binary data to the binary motion axis is stopped (step 

45 103). Then, the processor 11 judges whether the output 
of the set retracting movement to the retracting axis is 
completed or not (step 104) and, as shown in FIG. 3, if 
the retracting movement remains even when the X axis 
reaches position A where the supply of the binary data 

so is stopped, the processor 11 continues this retracting 
motion until completion thereof. This emergency stop 
processing finishes when this retracting movement is 
completed. Also, as shown in FIG. 4, when the X axis 
reaches the stop position in the binary operation (posi- 

55 tion A), if the retracting movement is already completed, 
this retracting motion processing is finished at the time 
when the supply of the movement to the stop position 
of the binary operation is finished. 
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[0048] In the example described above, supply of the 
binary operation data is stopped at a point within one 
cycle of a binary operation, that is supply of the binary 
operation data is stopped at position A in FIG. 1. The 
reason why position A is selected as a stop position is 
that the distance between the tool 3 and the rotary axis 
1 driving the workpiece 2 is the largest at position A in 
a machining cycle and that, because the speed of the X 
axis is zero at position A, positional error does not be- 
come extremely large and do not give a servo alarm, 
even if the supply of the movement is stopped (in this 
connection, because the rotary axis 1 rotating the work- 
piece 2 is controlled by the C-axis control of a main spin- 
dle, a servo alarm is not given). 
[0049] However, the speed of the X axis is zero also 
at positions B, C, and D and, even if the X axestops at 
these positions, a servo alarm is not given. If the retract- 
ing movement is set in correspondence with positions 
B, C, and D such that the tool 3 is at the same position 
in the absolute coordinate system as the retracting po- 
sition when it stops at position A, the tool 3 can be re- 
tracted not to interfere with to the workpiece 2 as well 
as the obstacle 5. 

[0050] However, in the case where the supply of the 
binary data is stopped at positions B and D, there is a 
possibility that the rotary axis 1 is rotated by inertia or 
the like to bump against the tool 3 under retraction. To 
avoid this trouble, it is necessary to increase the speed 
of the retracting motion. However, in the case where the 
supply of the binary data is stopped at position C, same 
as the case of being stopped as position A, even if the 
work is rotated by inertia, there is little possibility that 
the work bumps against the tool under retraction be- 
cause the workpiece is rotated in the direction going 
away from the tool at an initial stage. 
[0051] As described above, it is recommended that a 
point where possibility of generation of a servo alarm is 
considerably low be found within one cycle of the binary 
operat bn, that the point be set as a stop position and 
that a retracting movement up to the predetermined po- 
sition in the absolute coordinate system be set in corre- 
spondence with the stop position. 
[0052] FIG. 7 shows an example in which a plurality 
of stop positions are provided within one cycle of the 
binary operation and is a flow chart of an emergency 
stop motion processing in which the binary operation is 
stopped at positions A and C in the example shown in 
FIG. 1 . In this case, set are the retracting movements to 
the retracting positions in the absolute coordinate sys- 
tem where the tool does not interfere with a workpiece 
and any obstacles when the tool is stopped at positions 
A and C. Also, the speed of retracting motion is set. Fur- 
ther, in the case where the retracting motion is stored 
as the movement for each period in correspondence 
with the period lor the binary motion, it is necessary to 
store the movement in correspondence with the stop po- 
sitions A andC. 

[0053] When an emergency stop signal is entered 



during the binary operation by occurrence of an abnor- 
mality or by the external signal such as an emergency 
stop command or the like from the operation control pan- 
el 81, the processor 11 starts the processing shown in 
5 FIG. 7. First, the processor 11 makes a judgment as to 
whether the present coordinate position in the binary op- 
eration is in the region between positions A and C or 
between positions C and A (step 200). This judgment 
as to whether the present coordinate position of the bi- 
nary operation is in the region between positions A and 
C or between positions C and A is made by the number 
of periods within one operation cycle of the binary oper- 
ation or by the rotational position of the rotary axis (C- 
axis) in the case shown in FIG. 1 . 
[0054] If judged that the present coordinate position 
of the binary operation is in the region between positions 
A and C, the movement for each period of the binary 
operation is determined from the retracting movement 
and the retracting speed which are set for the region be- 
tween positions A and C (or is determined by the retract- 
ing movement for each period if the retracting move- 
ment is set and stored) and then a processing of adding 
the determined movement to the movement of each axis 
(X axis in the case of FIG. 1 ) for each period in the binary 
operation is started (step 201). Then, the processor 11 
makes a judgment as to whether the present position of 
the binary operation reaches position C or not (or wheth- 
er or not the output of a movement command of one 
cycle is completed up to the period where a movement 
to position C has just been outputted) (step 202). If the 
present position of the binary operation does not reach 
position C, the retracting movement is added to the bi- 
nary data and the resultant movement is outputted to 
the axis control circuit (step 203). In the case of FIG. 1 , 
the resultant movement is outputted to the axis control 
circuit 30 for the X axis which is a retracting axis. This 
operation is repeated (steps 202, 203). 
[0055] When the binary data up to position C is put 
out, the supply of the binary date to the binary operation 
axis is stopped (step 204) and a judgment as to whether 
the output of the retracting movement is completed or 
not is made (step 205). If the output of the retracting 
movement is completed, the processing is finished, but, 
if not, the retracting movement is outputted to the axis 
control circuit 30 until the output of the retracting move- 
ment is completed, thereby finishing this emergency 
stop motbn. As a result, the X axis which is a retracting 
axis is retracted to the predetermined position set in the 
absolute coordinate system so that the tool 3 retracts to 
a position where it interferes with neither the workpiece 
2 nor the obstacle 5. 

[0056] If it is found that the present position is in the 
region between positions C and A in the step 200, the 
processor 1 1 starts a processing of adding the retracting 
movement to the movement for each period of the binary 
operation to output the resultant movement to the axis 
control circuit (step 206). Then, this operation is repeat- 
ed until the X axis reaches position A (steps 207 : 208). 
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If the X axis reaches position A, the process proceeds 
to a step 204 and executes the above mentioned 
processing. 



Claims 

1. A numerical control device for synchronously con- 
trolling a movement of each axis of a machine with 
each other to repeatedly control a cyclic motion by 
storing a movement of each axis of the machine for 
each predetermined period in a memory unit and by 
supplying the movement stored in the memory unit 
to each axis every predetermined period from a nu- 
merical control section, comprising: 

a refracting unit which gives an amount of re- 
traction to an axis specified as a retracting axis, 
from among the axes synchronously controlled 
so that the retraction is added to a synchronous 
control of the retracting axis and stops the sup- 
ply of the movement stored In the memory unit, 
in the event of an emergency stop due to oc- 
currence of an external signal or an alarm, 
wherein the retracting unit stops the supply of 
the movement at the predetermined point of the 
cyclic motion. 

2. The numerical control device according to claim 1 , 
wherein the amount of retraction is previously set in 
the retracting unit. 

3. A numerical control device for synchronously con- 
trolling a movement of each axis of a machine with 
each other to repeatedly control a cyclic motion by 
storing a movement of each axis of the machine lor 
each predetermined period in a memory unit and by 
supplying the movement stored in the memory unit 
to each axis every predetermined period from a nu- 
merical control section, comprising: 

a retracting unit which determines a motion re- 
gion of a cyclic motion at the time of occurrence 
of an external signal or an alarm, movesan axis 
which is specified as a retracting axis from 
among the axes synchronously controlled in a 
specified direction by a set amount of retraction 
and stops the supply of the movement stored 
in the memory unit, in the event of an emergen- 
cy stop due to occurrence of an external signal 
or an alarm, 

wherein the retracting unit stops the supply of 
the movement at a predetermined point of the 
cyclic motion corresponding to the determined 
motion region. 

4. The numerical control device according to claim 3, 
wherein the retracting unit is set for each motion re- 



gion. 

5. The numerical control device according to any pre- 
ceding claim, wherein the retracting unit adds the 

5 amount of retraction to the movement for the cyclic 
motion of the retracting axis extending over a pre- 
determined number of periods, in the event of an 
emergency stop due to occurrence of an external 
signal or an alarm. 

10 

6. The numerical control device according to any pre- 
ceding claim, wherein the point where the retracting 
unit stops the supply of the movement is dete rmined 
based on the rotational position of anotheraxis syn- 

15 chronously controlled together with the retracting 
axis. 
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(57) A cam is machined by rotating a work (2) by a 
rotary axis (1) and by reciprocating an X axis mounted 
with a tool (3). The X axis is designed to stop at a stop 
position in the event of an emergency stop. At this stop 
position, the amount of retraction up to a position where 
the tool (3) does not interfere with the work (2) and any 
obstacles (5) is set. When an emergency stop signal is 
entered during a binary operation because of occur- 
rence of an abnormality, the movement for each period 
corresponding to the set amount of retraction is added 
to the movement for each period of the binary operation 
and the X axis is driven by the resultant movement. The 
binary operation is stopped when reaching the stop po- 
sition. The tool (3) is held at a position retracted by the 
set amount of retraction from the stop position. Thus, 
the tool (3) can be retracted to the predetermined posi- 
tion where it interfaces with neither a workpiece (2) nor 
an obstacle (5). 
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